In this paper optical positions relative to UCAC1 for 22 counterparts of extragalactic radio sources in the southern hemisphere are presented. The internal accuracy of the positions is of the order of 0>060. With the help of astrometric calibration regions, choices of the centering method and the width of the subraster used for object centering are given based on the detailed analysis of the results of centers of stellar images in the CCD on the 1 m telescope at Yunnan Astronomical Observatory, and the choice of the suitable model for the reduction of CCD is also recommended. A comparison of our results with those of other authors is made.
INTRODUCTION
Extragalactic radio sources are assumed to be very distant (typical redshifts of about 1.0) and thus should exhibit little or no detectable motion (approximately a few microarcseconds per year). A reference frame defined by the positions of extragalactic radio sources may be said to be a quasi-inertial frame with little or no time dependency (Ma et al. 1998) . At its 23rd General Assembly in 1997, the International Astronomical Union (IAU) adopted an International Celestial Reference Frame (ICRF) that realizes the International Celestial Reference System (ICRS), as specified by IAU Resolution A4, 1991. Based on the radio positions of 212 extragalactic sources distributed over the entire sky, ICRF has replaced the FK5 optical catalog as the fundamental celestial reference frame. The positional accuracy of these sources is better than about 1 mas in both coordinates.
The Hipparcos stellar reference frame is the realization of the ICRS at optical wavelengths. A stellar reference frame such as Hipparcos is time dependent because stars exhibit detectable motions, and imprecise knowledge of proper motion and/or parallax limits the precision of stellar frames at epochs other than the mean epoch of the catalogs. The link between the radio and Hipparcos frames has been provided by a variety of methods (Kovalevsky et al. 1997) . The alignment of both systems at the Hipparcos mean epoch was achieved with an uncertainty of 0.6 mas and 0.25 mas yr À1 for the orientation and spin, respectively. Because of this time dependence, the alignment has to be maintained and improved continuously by future observing programs.
We are carrying out a project with the purpose of establishing and improving the link between the radio and optical reference frames by means of ground-based optical observations of counterparts of compact, extragalactic radio sources. The number of sources to be observed in our project is about 200. Some results have been obtained (Tang, Wang, & Jin 2000) . In this paper, optical positions for 22 extragalactic radio sources in the southern hemisphere are presented. The observational data were carried out at the 1 m telescope of Yunnan Astronomical Observatory (field: 6<5 Â 6<5; scale: 15>6 mm À1 ; f/13) with a 1024 Â 1024 CCD from 2000 October 6 to 9.
When compared with photographic plates, CCD detectors have three advantages: higher quantum efficiency, higher linearity, and greater convenience. A telescope equipped with a CCD can observe over a wide range of magnitude (over 7 mag), which is conducive to observing faint extragalactic radio sources (usually fainter than 17 mag) and bright reference stars at the same time. The methods that are suitable for reducing the data of photographic plates might not still be suitable for that of the CCD, e.g., the centering method applied to determine the centers of star images, the size of star image used for object centering, and even the model relating the ideal coordinates and measurement coordinates. A detailed analysis of the results obtained with the CCD of the 1 m telescope will be presented in this paper.
In x 2 the suitable choices of method and the width of the subraster when centering the star images of CCD of the 1 m telescope are recommended based on the analysis of the results. In x 3 different models are adopted to relate measured and standard coordinates of the observational CCD data, and the choice of appropriate model is offered according to the results of a comparison. In x 4 optical positions for the 22 sources are given, and a comparison of our results with that of other authors is provided. A discussion is presented in x 5.
2. CENTERING THE STAR IMAGES IN CCD FRAME Stone (1997) and Stone, Jeffrey, & Monet (1999) presented highly accurate ICRS equatorial positions for 1,268,732 stars in 16 astrometric calibration regions (ACRs) located around the celestial equator. The star positions (mean epoch $J1996.0) are typically accurate to AE26 mas (AE12 mas precision) in both right ascension and declination, except for the faintest stars, whose errors are about 2 times larger. The proper motions are accurate to about AE6 mas yr À1 and should maintain the accuracy of the positions for many years to come. Concerning possible applications, the positions and magnitudes of the stars in ACRs can be used to calibrate single and mosaicked CCD detectors, as well as to optimize techniques for reducing star measures on astrographic plates to star positions and magnitudes. In this section and the next, analyses are implemented with the help of ACRs.
The observations used in xx 2 and 3 were carried out on 2000 October 7, around the extragalactic radio source 0420À014, which is in the field of the Eth ACR. Three exposures (30, 60, 120 s) were used in the following analysis. The data were reduced with IRAF 2 software (Tody 1986 ). Bias, dark, and flat-field corrections for all CCD frames used in this paper were obtained with standard IRAF procedures.
The characteristic of high-linearity response means that the full width at half-maximum (FWHM) of star images in one CCD frame usually are the same. The mean FWHMs of 23 field stars for three exposures are 2.68 AE 0.08, 2.76 AE 0.07, and 2.67 AE 0.07 pixels, respectively, and the range of R magnitudes of the stars given by ACR catalogue is from 11.83 to 18.24. Small differences in FWHMs of different exposures imply that the same image profile can be used to compute the centers for all stellar images.
The centers of star images were computed with the CEN-TER task in IRAF software. There are two parameters that play important roles in determining the center of a star image. The first, CBOX, is the width of the subraster used for object centering in units of the scale parameter. It needs to be big enough to include a reasonable number of pixels for center determination but not so large so as to include a lot of noise. The second, CALGORITHM, is the centering algorithm to be employed. There are three methods to be chosen in the CENTER task: CENTROID, GAUSS, and OFILTER. For a detailed description of the three methods, the reader is referred to the IRAF Web site. 3 Different choices of CBOX or CALGORITHM will lead to different results for the center of the same star image. Since there is no absolute true value for the center of one star image, a question arises: which choice is the best or most reliable? Are the choices the same for different exposures? The following analysis will discuss these questions.
Concerning the choice of the method, the criterion is based on its stability; i.e., for the best method, the differences in image centers computed with different CBOX should be as small as possible. Figure 1 illustrates the relationship between the variance of differences in centers of 23 field stars in the CCD frame computed with different CBOX options and the identification (ID) of CBOX-pair (exposure: 30 s); each ID corresponds to a CBOX-pair, e.g., 1 ! 4 $ 6, 2 ! 4 $ 8, . . . , 8 ! 4 $ 20, 9 ! 6 $ 8, 10 ! 6 $ 10, . . . , 26 ! 18 $ 20. Here CBOX-pair '' 4 $ 6 '' means that the point of ID = 1 in the figure refers to the variance of differences in the centers computed with CBOX = 4 pixels and CBOX = 6 pixels; similar meanings are for other CBOXpairs. Figures 2 and 3 are those of the second and third exposure. According to the criterion mentioned above, it can be concluded from Figures 1-3 that, among the three methods, the GAUSS method and the OFILTER method are more stable than the CENTROID method, and the GAUSS method is a little more stable than the OFILTER method. Therefore, the choice of the GAUSS method in the CENTER task is reasonable.
As to the choice of CBOX, the criterion is based on consistency; i.e., the centers computed by different methods with the suitable CBOX should differ little possible. indicate that when CBOX adopts 8 pixels, the differences in the centers of stars in the CCD frame computed by different methods are the smallest. So the choice of CBOX with 8 pixels satisfied the criterion of consistency.
CHOICE OF REDUCTION MODEL FOR CCD
An important difference between the CCD and a photographic plate is that the field of view (FOV) of the former is 2 IRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Association of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
3 Available at http://iraf.noao.edu. much smaller than that of the later. Usually the FOV of photographic plate is several degrees square, while that of CCD is only several arcminutes square. Thus the choice of model for CCD reduction may be different from that for photographic plate reduction.
There are several models for the relationship between measured and standard coordinates of photographic plates (Eichhorn & Williams 1963) . Table 1 assembles the formulae of the models often used on photographic plates (usually the units of x and y in the table are millimeters). When considering the magnitude-related terms, two terms (i.e., uxm, vym) should be added to the models of Table 1 , respectively. Although the FOV of the CCD is usually small (several arcminutes square), some significant systematic errors, such as aberration and distortion of optics, may be neglected; this conclusion still needs to be proven by the results gained with different models on actual data.
With ACRs as the reference catalog, the results of different reduction models are acquired. During the reduction, the positions of reference stars were first transferred to those on the observational epoch, with correction of proper motions being added. Both the standard and measured coordinates of the reference stars were transformed to units of millimeters to calculate the coefficients of the models. 
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OPTICAL POSITIONS Figure 7 shows the relationship between the rms of the differences in the positions of the reference stars before and after the CCD reductions and the number of coefficients of the model (exposure: 30 s). Figures 8 and 9 show the results of the second and third exposure.
From Figures 7-9 , two conclusions can be summarized easily. First, as compared with the formal error of the ACRs' positions at observational epoch ($0>05), there is no obvious difference between the results of the models with the magnitude-related terms or not. In other words, no magnitude-related term exists in the CCD of the 1 m telescope. Second, the rms of the differences in the positions of the reference stars of model IX (14-constants model) is close to that of model I (four-constants model) at the level of the formal error of the ACRs positions. This means that the fourconstants model is enough for the CCD of 1 m telescope. This conclusion also supports the assumption that systematic errors, such as aberration and distortion of optics, may be neglected. 
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-If considering magnitude-related terms, two terms (uxm) and (vym) should be added to right side of the formulae, respectively.
RESULTS AND COMPARISON
The observations of 22 sources were carried out with the 1 m telescope of Yunnan Observatory from 2000 October 6 to 9. Table 2 gives information on the 22 sources. In the table, the first column is the object name (IERS designation); column (2) (Cat.) is the category of the source: D = defining, C = candidate, O = other; column (3) (Type) is the type of the source: Q = quasar, L = BL Lac, G = galaxy; column (4) (Mag.) is the visual magnitude of the source; columns (5) and (6) are the right ascension and declination of the source taken from ICRF (Ma & Feissel 1997) ; and the last column is the number of observations for each source.
As recommended in x 2, the GAUSS method was adopted to compute the centers of star images of sources and reference stars with CBOX equal to 8 pixels. The four-constants model was applied to relate the measured and standard coordinates, as recommended in x 3.
During the reductions, UCAC1 (Zacharias et al. 2000a ) was taken as the reference catalog, and proper motions were applied to the reference stars to carry them forward to the CCD epochs of observations. The UCAC1 is on the ICRS and is consistent with the J2000.0 system. Stars in the magnitude range 10-14 have a positional precision of 20 mas. At the limiting magnitude of R ' 16 mag, the positional precision is 70 mas. Preliminary proper motions are included, which were derived from Tycho-2 (Høg et al. 2000a; 2000b) , Hipparcos (ESA 1997), and ground-based transit circle and photographic surveys for the bright stars (V 12.5 mag) and the USNO A2.0 (Monet 1999) for the fainter stars. The accuracy of the proper motions varies widely, from 1 to over 15 mas yr À1 .
Results of optical positions for 22 southern radio sources are listed in Table 3 . The second and third column of the table are right ascension and their standard errors; the fourth and fifth column are declinations and their standard errors; the sixth column is the mean epoch of the observations, the seventh column is the number of stars used as reference; the eighth and ninth columns are the differences between our results and ICRF. Notes.-Cat: category of the source, D = Defining, C = Candidate, O = Other. Type: type of the source, Q = Quasar, L = BL Lac, G = Galaxy. Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds (J2000.0).
The standard error of the position for a source should consists of three parts, as follows:
Here 1 is the centering error of the source, which represents the quality of the image in the CCD and is decided by the seeing and sky background; it is about 0.08 pixels ' 0>03. Here 2 is the standard error of the model, which reflects the precision of the reference catalogue in the area around the source; it is about 0>04. The quantity 3 is the rms of the mean positions of all observations, which reveals the repeatability of the observations; it is influenced by the stability of the whole telescope system and the meteorological situation. The standard error of the position given in Table 3 is just 3 , not including 1 or 2 , so their real values are larger, which should be noted. For a comparison between our results and those of other authors, we took the results of Assafin et al. (1997) Table 4 (our results minus those of other authors). Since Assafin et al. (1997) and da Silva Neto et al. (2000) used three catalogs as the reference, comparisons with their results obtained from all three reference catalogs are listed in the table, respectively.
DISCUSSION
The choices of method and CBOX recommended in this paper have some limitations. First, they are based on the analysis of the data of the CCD on the 1 m telescope, so the conclusions are only valid for the CCD of the 1 m telescope. For a different CCD or a different telescope, the choices maybe different. Similar analysis on the CCD of the 2.16 m telescope at the Beijing Astronomical Observatory has been done, and preliminary results show that the suitable CCD reduction model should contain 12 constants. The complete results will be presented in another paper later. Second, the star fields referred in this paper are not crowded, the images of all stars are isolated (without any nearby companions), and the choices suitable for spare field maybe not applicable for crowded fields. There are some special methods to determine the centers of the star images in the crowded fields (Stetson 1987) .
The precision of the optical positions of radio sources is influenced by the local characteristic of the reference catalog. Even if the reference catalog has been linked to the quasi-inertial reference frame-ICRF-the local systematic error caused by imprecise proper motions and positions will affect the positions of radio sources. An external comparison between the Tycho-2 catalog and UCAC1 was presented by Zacharias et al. (2000b) . Only small systematic differences in position between the two catalogs (up to 15 mas) are found, mainly as a function of magnitude. The standard deviations of the distributions of the position differences are in the 35 to 140 mas range, depending on magnitude. Since most of the stars of Tycho-2 catalog are brighter than 13 mag (V band), and the same is true of the ACT catalog, which is the reference catalogue to achieve the UCAC1, while the limiting magnitude of the UCAC1 is R ' 16 mag, the conclusion that only small systematic differences in positions exist may be incorrect for the fainter stars; i.e., there could be some systematic errors in the positions and proper motions of the faint stars of UCAC1 that will influence the object's positions when they are used as the reference.
The mean values of the differences in right ascension and declination given in Table 3 systematic differences between optical positions and that of ICRF as compared with the formal error of the reference catalog and that of CCD reduction. But some sources have rather big differences, such as 2243À123, 2255À282, and 2355À106. Since the formal error of the positions and that of the CCD reductions are relative small, the possible reasons for the big differences may be caused by the systematic errors of the UCAC1 in the fields around these sources, as was mentioned above. The establishment of the linkage between the radio and optical reference frame is a long-term task. Observations of the optical counterparts of the radio sources should be carried out for a long time, so that results of the linkage can be obtained with higher precision.
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